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Abstract: 
Currently shocks are not designed specifically for the needs of a formula SAE race 
competition. Shocks are either too expensive, or do not act in a way that is suitable for 
track conditions. Our goal is to redesign the internals of a Fox Vanilla RC shock with 
the formula SAE needs in mind. These shocks will have similar damping characteristics 
to that of a market leader in road racing shocks while maintaining a low cost. In order to 
meet these objectives the internal components within the Fox Vanilla shock will be 
modeled and redesigned, namely the valves, piston head (with shims), and shaft seal. 
ProEngineer models will be made of the current shock as well as the new parts that will 
be tested. In addition to modeling the shock and its internal components, the front and 
rear suspensions of the racecar will be modeled/tested in AdamsCar. Modeling/testing 
the suspension will help guide us in choosing the correct design criteria for shock 
rebuilds. All modifications to shocks will be tested on a shock dyno or MTS machine 
and compared to baseline testing. 
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I. Introduction: 
A. Problem Background: 
Building a 500lb formula racecar is very difficult when there are time, budget, and 
design constraints. All of these constraints must be met while maintaining a high level 
of performance. These are the challenges that face engineers on the formula team. To 
meet constraints and maintain performance stock/aftermarket automotive and 
motorcycle components are utilized. This fixes costs and reduces lead times 
associated with designing and manufacturing custom components. Most suspension 
components are custom however springs and dampers are usually purchased. There 
are three main trends currently in formula SAE in regards to dampers: 
automotive/motorcycle road racing shocks, dirt track shocks, and mountain bike shocks. 
All three types of shocks were considered when developing our suspension. 
Automotive/motorcycle road racing shocks were first considered. These shocks are 
ideal in that they are externally adjustable for quick changes for track conditions. Also 
their internals can be adjusted to meet a designed critical damping ratio which can be 
measured on a shock dynamometer. There are some disadvantages with choosing a 
road racing shock. The first disadvantage of using road race shocks is that they are 
very expensive and cost over $1000 per shock. Another disadvantage is that the 
ranges of spring rates that are offered by manufacturers are too high for our application. 
The advantages and disadvantages of dirt track shocks were considered next. The 
main advantage of dirt track shocks is that they are designed for cars with similar weight 
distribution and track conditions so their spring rates closely match the ones needed for 
the formula suspension. Springs are readily available from 60 lb/in to 300 lb/in in 5 lb/in 
increments. Another advantage of dirt track shocks is their low cost of $100 - $200 per 
shock. The first disadvantage of dirt track shocks is that they are not externally 
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adjustable. This limits a team from making quick adjustments for each track situation or 
driver preference. Other disadvantages are that dirt track shocks have a history of 
loose spring rate tolerances and inconsistent dynamic response test results. 
Mountain bike shocks were the next shocks to be considered. Advantages that 
mountain bike shocks have are that they are externally adjustable compression/rebound 
and they have an external reservoir. Another advantage is that they are size and shape 
is ideal for packaging into the limited space afforded in the formula car. Another 
advantage of mountain bike shocks is their small shaft diameter, which reduces “false 
spring” effects created by shock nose pressure. Cost for these shocks is competitive at 
around $250 a piece. Some disadvantages include high spring rates, a lack of internal 
adjustability, and no technical support is available. 
After considering the advantages and disadvantages of these three types of shocks we 
have decided to use and modify mountain bike shocks, namely the Fox Vanilla RC. The 
externally adjustable features, packaging, and cost were what we wanted in a shock. 
We will develop and machine parts to address their internal adjustability and spring 
rates in order to match designed critical damping ratios. 
3 
B. Shock Background: 
The Fox Vanilla RC shock is shown below. This shock utilizes an external reservoir 
assembly. The reservoir houses a floating piston which rides between oil and nitrogen. 
The external reservoir is excellent in that it allows for higher volumes of nitrogen and oil 
which consequently improves consistent damping forces, even through long and 
extreme race conditions. The shock body is filled with oil as well. 
Figure 1 : Fox Shock and Reservoir Assembly 
When the shock is in compression modes, oil is forced from the shock body to reservoir 
in proportion to the area of the shaft entering the shock body. As the oil enters the 
reservoir, it must pass through the compression adjuster. When the compression 
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adjuster is fully open the shock is set at full soft, conversely when the compression 
adjuster is closed (the smallest opening) the shock is at full firm. After the oil passes 
through the compression adjuster, it enters the reservoir where the floating piston will 
compress the nitrogen. The floating piston is designed so that aeration will not happen. 
When the shock is in rebound modes, the oil in the shock shaft is forced through the 
shaft. Inside the shaft is a needle. This needle is used to adjust the amount of fluid that 
can pass by. As the needle is closed it causes firmer rebound damping forces. When 
the needle is opened further it allows more oil to flow through and that creates softer 
rebound damping forces. The needle adjustment also effects when the shims on the 
main piston will open. 
The damping dynamics of a shock are dependent of the shaft velocities within the 
shock, in both rebound and compression. Most of the changes within the shock happen 
within the main shock shaft and body. Shock dynamics are considered under high and 
low shaft speeds. High shaft speeds occur in bumps, or significant track 
inconsistencies. Slow shaft speeds occur during cornering, acceleration, and braking. 
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Low Speed Compression 
In slow shaft speed compression, oil is displaced into the reservoir in direct proportion to 
the area of the shaft entering the shock body. The oil passes through the compression 
adjuster to the external reservoir. 
Figure 2: Low Speed Compression in Fox Shock. 
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High Speed Compression: 
In fast shaft speeds, oil is displaced into the reservoir through a secondary channel and 
shim stack. At fast shaft speeds the oil bypasses the slow speed needle. Pressure 
induced by the high shaft speeds causes the shim stacks that cover holes on the main 
piston head to flex. When the shim stacks flex, oil passes through the holes on the 
piston head (see Figure 3). 
Figure 3: High Speed Compression Fox Shock. 
7 
Low Speed Rebound: 
In low speed rebound oil is displaced through the shaft and over the low speed needle. 
Figure 4: Low Speed Rebound Fox Shock. 
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High Speed Rebound: 
During fast shaft speed rebound shim stacks located on the main piston head flex in 
order to allow oil to pass through. Oil bypasses the opening and slow speed needle 
adjustment. 
Figure 5: High Speed Rebound Fox Shock. 
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C. Problem Statement: 
To simulate the formula cars suspension response to loading in order to engineer, 
manufacture, and test modifications made on shocks. 
D. Objectives: 
The objectives of this project are: 
• Determine optimal shock and spring settings for each of the competition events 
based on dynamic testing and simulated dynamic testing (i.e. AdamsCar) 
• Increase repeatability 
o Design positive locking device for compression and rebound adjustment 
o Design check valves to separate compression and rebound adjustment 
• Increase serviceability 
o Design and manufacture new external reservoir floating pistons to ease in 
shock bleeding 
• Increase finite adjustment of shocks 
o Modify external reservoirs for Penske Schrader valves to adjust nose 
pressure 
o Modify rebound adjustment ramp to increase finite adjustment 
• Improve dynamic characteristics of shock curve 
• Create correlation between MTS machine and Spa Shock Dynamometer 
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II. Methods of Solution: 
To successfully complete this design process, the complete suspension needs to be 
modeled in AdamsCar. Through modeling and testing the cars suspension in 
AdamsCar, a target window will be given, which will enhance our design and testing 
phases. In addition to modeling the suspension, parts need to be manufactured in a 
timely manner in order to test. 
Parts that need to be manufactured are: a tool to press spherical bearings, PENSKE 
style valves, a check valve (to decouple rebound and compression), Piston head with 
appropriate shim stacks, and a new shaft seal. After parts are manufactured they will 
be tested. 
Before the new parts are tested, baseline testing will take place. The baseline testing 
will be completed on a shock dynamometer and will include adjusting both compression 
and rebound under set force and shaft speed increments. After baseline testing is 
completed then new parts can be tested. 
Both the check valve and piston head (with its corresponding shim stack) will be tested 
after each design iteration. Tests will be conducted on a shock dynamometer or MTS 
machine. These tests will be completed just like the baseline testing. Criterion for 
success lies in the dampers ability to be repeatable under dynamic testing. A one 
percent error in damping curves is needed to meet acceptance criterion. 
A test rig needs to be made in order to test the PENSE style valves. This will be done 
by fabricating a chamber with a pressure gauge, a hook up for shop air, and a place for 
the valve to be placed. The valve will pressure and leak tested at operating pressures 
between 50-150 psi. 
The final area that will be analyzed will be the current excessive stiction on the shaft 
seal. To determine the stock friction a force will be applied to the shaft and 
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displacement of the shaft per unit force will be measured. A redesigned shaft seal will 
look to reduce seal friction as much as possible without causing sealing problems. 
Again, seal designs will be pressure and leak tested at operating pressures between 50-
150 psi. 
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III. Project Management Timetable: 
Tasks 
Spherical Bearings 
-Design Fixture 
-Purchase Material 
-Manufacture Fixture 
-Press Spherical Bearings In Shocks 
Penske Valve Modification 
-Design Pressure Tester 
-Manufacture Pressure Tester 
-Modify Reservoir Caps 
Check Valve 
-Design 
-Manufacturing 
-Test/Evaluation 
Stock Shock Dyno Testing 
-Contact Penske 
-Stock Shock Dyno Evaluation 
Piston Redesign 
-Design Piston 
-Contact Shim Manufacture 
-Contact Piston Manufacture 
-Piston/Shim Manufacture 
-Piston Testing 
Shaft Seal Resign 
-Test Stock Shaft Seal Stiction 
-Disassemble Shaft Seal 
-Redesign Shaft Seal 
-Purchase Materials 
-Manufacture Components 
-Shaft Seal Testing 
Adams Dynamic Modeling 
-Set Front/Rear Suspension Geometry 
-Adams Dynamic Simulation 
Completion 
Date 
1/09/2004 
12/02/2003 
12/11/2003 
12/31/2003 
1/04/2004 
12/31/2003 
12/02/2003 
12/22/2003 
12/31/2003 
1/29/2004 
12/02/2003 
12/31/2003 
1/29/2004 
12/31/2003 
12/05/2003 
12/31/2003 
5/25/2004 
12/05/2003 
12/25/2003 
12/25/2003 
3/02/2004 
5/25/2004 
5/17/2003 
12/05/2003 
12/16/2003 
1/05/2004 
1/14/2004 
2/23/2004 
5/17/2004 
4/19/2004 
12/01/2003 
4/19/2004 
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IV. Economic Analysis: 
Market: 
Formula SAE is the only form of racing that has not developed a niche market since its 
development in the early 1980’s. Since its inception, Formula SAE teams have had to 
rely on purchasing components that were suited towards heavier open wheel road 
racing (i.e. Formula Ford) and dirt tack series (i.e. Micro Sprints, Modifieds) or create 
custom components. Until recently, many in the racing industry have ignored the 
Formula SAE market due the perception that these student projects did not have the 
budget to purchase quality made racing components, however this is not true since 
many Formula SAE teams have budgets that rival many amateur racing teams around 
the country. Because of this many teams had to design and manufacturer custom 
components, which is time consuming and expensive. Currently only two areas of the 
racing industry have opened up into the Formula SAE market, in the area of lightweight 
wheels and drive train components. One area that has been ignored by the racing 
industry is the need for reliable, lightweight and compact shocks suited for Formula SAE 
racing. As described above the three main types of shocks used on Formula SAE cars 
are road racing shocks (i.e. Penske, Ohlins), dirt track shocks (i.e. Tanner, Carrera), 
and mountain bike shocks (i.e. Fox, 5th Element, Risse). All have their merits however 
none are specifically designed for the Formula SAE application. All though concrete 
data on how many teams used each style shock in not available, extensive analysis at 
the 2003 Formula SAE competition determined that almost 75% of teams used a 
mountain bike shock. The current popularity of mountain bikes shock comes from their 
ease of packaging due to their small size and their low cost. However, by analyzing the 
trend of top Formula SAE teams, and with support of mountain bike shock curves and 
Penske shock curves, we feel there is a need for mountain bike style shocks to be 
designed for Formula SAE application. A shock that has the price and size of a 
mountain bike shock while having the dynamic characteristics of a road racing shock 
(i.e. Penske) would quickly gain popularity among Formula SAE teams. 
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Based on recommendation from our project sponsor, Drexel Racing Formula SAE, we 
will create a series of modifications to the internal components of a Fox Shock Vanilla 
RC to produce better dynamic characteristics. 
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Costs: 
Programs: 
• AdamsCar (license renewal) $100 
• ProMitchell (license renewal and update) $100 
Vehicle Components: 
• 8- Tanner Racing Springs (various spring rates) $240 ($30 a piece) 
• 8- Fox Shock Vanilla RC $480 ($60 a piece) 
• Shock Spherical Bearing Aurora $4.26 
Materials: 
• ½” Aluminum round stock precision ground $38.70 
o To create Valve Stack 
• 1” Aluminum round stock $36 
o To modify Penske valve to shock reservoir 
• 2” Aluminum round Stock $56 
-to create modified spring perches to fit Tanner spring on dampers 
• 2” Aluminum rod 6061 T6511 3’ length $43.53 
• 1” mild steel rod 1018 3’length $12.89 
• ¼” SS precision rod 6’ length $14.37 
o 304 SS precision ground rod 
Undetermined costs include custom shims and dyno time. Quotes for custom precision 
ground shims are forthcoming. Shock dyno time is usually donated by Penske; 
however Penske has their dyno tied up for now. 
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Resources: 
Funding: 
• Drexel Racing: Formula SAE 
Resources: 
• Drexel Racing Hess Labs 
• Drexel University Machine Shop 
• Exponent MTS Machine (Philadelphia, PA) 
• MEM Senior Design Lab 
• Penske Racing Spa Shock Dynamometer (Reading, PA) 
External Support: 
• High Performance Vehicle Dynamics (Easton, PA) 
• ICP (Indianapolis, IN) 
• Indy Motorsports (Indianapolis, IN) 
• Penske Racing Shocks (Reading, PA) 
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V. Societal and Environmental Impacts: 
Societal: 
This suspension project, if successful could be marketed to other collegiate formula 
race car teams. Teams are looking for cheaper, light, and high performance shocks. 
After completing a design that meets our acceptance criteria, our shocks will be ideal for 
formula teams. 
Environmental: 
These Fox shocks are filled with oil and nitrogen. The shocks need to be handled with 
a degree of responsibility for the environment. These shocks need to be disassembled 
in order to make design changes on them. When we disassemble these shocks we will 
take great care in disposing the oil through the proper channels. Pep Boys disposes oil 
for free. 
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VI. Conclusion: 
Currently shocks are not designed or manufactured to meet the needs of formula SAE 
race competition. Our goal is to provide a low cost and more suitable shock for the 
formula SAE competition. We have chosen to redesign a Fox shock in order to reduce 
lead time and cost. These shocks have to meet our acceptance criteria for repeatability 
and match target damping curves. 
Redesigning Fox Vanilla RC shocks in order to match target damping curves will be 
successful. All redesigns will be tested on either a test jig or on a shock dyno/MTS 
machine. The design and test phases will be completed by the target dates set forth in 
the project management timetable. 
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